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Executive Summary

Background: Indiana has a strong framework for academic collaboration among public institutions. For decades
Indiana faculty have worked together on transfer policies, through which they developed a set of competencies
that all students should master through their general education courses. Faculty identified quantitative reasoning
was one of the three foundational intellectual skills that all college graduates need. At the same time, mathema-
ticians across the country are calling for a new approach to college math, moving away from “college algebra for
all” in favor of coursework to help students be quantitatively literate in today’s society.

Indiana’s Math Innovation Council: The Council, comprised of math faculty from all
public institutions, was charged with answering the following four questions:

How can we How can we best What additional How might program
increase success align mathematics courses need to requirements be
rates in gateway requirements to give be developed in enhanced to help
courses without students competency Indiana to accomplish goals
compromising in the kinds of mathe- accomplish the M and (2)7?

the integrity of matical tasks that will goals in (1)

mathematics? be required for their and (2)?

career success?

The council recom- default math course for most non-STEM content for student unprepared for
mended that institutions offer a quanti- majors. It further recommended that the calculus. The chart below links categories
tative reasoning course, drawing from a default gateway course for STEM majors of majors with the recommended gateway
common framework, and make that the should be calculus, reserving algebraic math course.

Gateway Math Courses and Majors
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Preface

In 2014, Complete College Amerida, collaboration with the Charles Dana Center at the University of
TexasAustin,invited Indianaand five otherstates( Colorado, Missouri, Montana, Nevada and Qldo
participate in a tweyear initiative to dramatically increase the percentage of shidavho pass
gateway math courses and enter programs of stuithin oneacademigyear by building math

pathways.
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implementing recommendations for differéated, programaligned mathematics in support of student
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Institution Type / Role

Organization/Institution

4-year research (cohair) Jeff Watt IUPUI

2-year (cechair) Carrie McCammon Ivy Tech Community College
2-year Rick Kribbs Vincennes University

4-year comprehensive Liz Brown Indiana State University
4-year comprehensive Kathy Rodgers University of Southern Indiana
4-year regional Henry Wyzinski Indiana University

4-year regional

James Hersberger

IPFW

4-year regional

Catherine Murphy

Purdue Calumet

4-year regional

Kenneth Holford

Purdue North Central

4-year research

Kay Roebuck

Ball State University

4-year research

Dennis Groth

IU Bloomington

4-year research

Greg Buzzard

Purdue West Lafayette

CoFacilitator

Sarah Ancel

Commission for Higher Education

CoFacilitator

Ken Sauer

Commission for Higher Education

Institutional Research

Todd Schmitz

Chairman of Indiana Public Data Advisory Gra
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|. Introduction

A paradox exists in American cultufi@ be illiterate carries with gocial shame. To be innumerate
(or,morecommonly, tobex 6 I R {1 WG K 2 { , bAtgvderon becCaSiGhappldhided as a

sign of normalcy. The future of our economy and American competitiveness depends on correcting this
paradox and bolstering the importance our society places on mathematical competency.

What isthe role of mathematicdn society?

Mathematic€enduring relevancéo students,societyand civilization iselfevident.We rely onit to fuel
advancesn engineering and technology, medicine and physics, manufacturing and logastitsecurity
and financeWe rely onit to analyze data and perforromplex modeling and simulations. And because
of its versatility, we usé to translate the discoveries and progress in one field to problems and
questions in anothet.

In recent years, the explosion of data across business and govermraedtthe atterdant need to

make sense of and use these dathas only increased the demand for mathematical fluedcg. K S

g2NI R KIFIa 32yS ljdz yaAdl G6§ABSs¢ (i KSandbghdnithbldnyohy & 2 F 9
shift toward a knowledgdased economy, a fluey in mathematical concepts is increasingly necessary

to secure a spot in the middle class.

Beyond the professional realmgnse matematicsto craft our household budgets and make other
personal financelecisionsWe useit to assess the claims made thypse entrusted to lead our political,
financial, and other social institutiomsand to scrutinize the data and evidence marshaled in support of
those claims.

At the most basic level, matimaticsprovides a languagewhether through graphs, symbols, dragns
¢ to convey compleideas across a range of disciplirfes.

What can be improved in the matmaticscurriculumnow?

Despite significant changes to the American university in the postwar @ranges aimed at meeting

the needs of a growing population and changing econgmathematicsrequirements looknuch as

they did fifty or moreyears agoKeepinghesecurricular equirements static imigher education has

created a dissonance between the skills needed for the modern economy and the coursework required

F2NJ AN RdzZt GA2yd | adzNBSe 2F I OFRSYAO ftey RSNBR Ay L
identified ascriticalfor college and career success are not necessarily those tau@iatlege Algebrg

the course thabften serves as thadvisingdefault, even for those students enrolled in majors that

clearly do not require advanced matmaticscourses, such aalculus, for whicollege Algebris a

pre-requisite Indeed, althought Y a G SNE 2F ! f 3S0ONI LL A& ¢gARSte& (K2

1¢CdzStAy3a LYyy20FGA2Yy FTYR 5Aa02F8RFHdMNEScéal IREXKiGA QD £ 4 C
Committee on the Mathematical Sciences in 2020, Board on Mathematical Sciences and Their Applications, and

the Division on Engineering and Physical Sciences (Washington, DC: National Academies Pi2ss), pp 1

2US.DRJF NI YSYy(d 2F 9RdzOFGA2yS G¢KS ¢22f062E wSOAAAGSRY t1I (K
[ 2ftS83S¢ o ChE@m/Miz2 NBgowrgthis@atbe¥earch/pubs/toolbxrevisit/index.html

3@ CdzSt Ay Ly-g208FiA2y3Zé LI m

3


http://www2.ed.gov/rschstat/research/pubs/toolboxrevisit/index.html

c=a+b

Indiana Math Pathways

Ay 02ttS3S IyR OFNBSNaEzZ¢ 2yS atdzRé 02y Of dZRSRXZ aFS
smalker percentage of community college students will ever need to master the courses in this sequence

Ay GKSANI O2ft t S 3*Proddii students it a ndodlexilzedimatitaicdiexperience in

college will better serve their lontgrm career pursits and better prepare them to be thoughtfahd
productivemembers of society.

How do we restructure magmaticsii 2 Y SSi{i G(KS yvSSRa 2F (2Rl é&Qa &aiddzR$s

In collaboration with the Charles Dana Center at the University of T&ustin,Complete College
Americainvited Indianaas one of six stateto participate in a tweyear initiative that aims to address
this very problem.

In support of theseeffortss L y RA | y-treated Mafh di$oyatioh €ouncil has been charged with
designinNB ¥ 2 N & ( KI ( idcredsé theqpétdeitage ofi sku@ents ihd pass gateway math
O2dzNAES& YR SydGSNJ LINBINIYa 2F adddzReé Ay 2yS | OFRSY
four questions that would guide its work:

1. How can we increassuccess rates in gateway courses without compromising the integrity of
mathematics?

2. How can we best align mathematics requirements to give students competency in the kinds of
mathematical tasks that will be required for their career success?

3. What additioral courses need to be developed in Indiana to accomplish the goals in (1) and (2)?

4. Howmight program requirement®e enhancedo helpaccomplish goals (1) and (2)?

The Council must look at this issue, particularly as it relat€otiiege Algebrahroughtwo lenses. First,

are students required to tak€ollege Algebras a requirement of the program? Second, for students

with multiple options for fulfilling a math requirement, are they choosing or being advised to take
College Algebrdespite having otheoptions? The answer to these questions will drive the resulting
recommendations: is the answer revised requirements, revised advising protocol and degree mapping,
or both?

‘a2 KFd 528Sa LG wSrfte aSltry G2 .S /2t€tS3S IyR 22N] wSlI Re@
the Economy (May 2013), pp54
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How will matlematicsinnovation be put in place?

Indianahasthree mainclusters of activities that can hethe Math Innovation Coundl &
recommendations(1)the Core Transfer Library, which is maintained by faculty panels and the CTL
Subcommittee of STAC, (&)plementationof streamlined transfer pathwayStatewide Transfr

General Education Core and Transfer Single Articulation Pathwagsd on competencies and learning
outcomes and (2)its Guided Pathways to Success work with Complietidege America o support

these activitiesthe Commissioh Y R L Y RA | ¥rd Grdvershigsthévésaldishedaculty panels

in a number of different content areas, which are working to build consensus among the public
institutions about core curculum and program requirementidiana has also createmosssectional
teams induding advisorsadmissions officers, transfer coordinatoesademics, registrargual credit
coordinators,and others who are responsible for implementimgerational changes related wurse
scheduling, degree mapping, transfer pathway®ta majorsand more. These teams can be utilized to
implement academic or operational changes related to neathticsinnovation as well.

What is the expected effect on student outcomes?

Data from Indianatudents indicate thaCollege Algebrhas by far the lowestuccess rate of any other
collegelevel mathematics@urse. College calculus, finite, technical matid other mathcourses
statewide have success rat&8 to 16 points highethan that ofCollege Algebrésee Appendix Figure 1).
If pass rates are low bthe skills taught in those courses are clearly essential to the academic and
professional enrichment of all students, then our remedy for low pass rates would be more
straightforward: we would simply have to figure oubetter way to teachCollege Algebrand support
students. But given that Indiana has identified a different set of requisite skills for the success of its
graduates skills already taught in such courses as finite math and quantitative reasoaipgsitive
by-productto this work may be highr pass rates and fewer repeated courses as studatvsnce
toward graduation. This will likehgeduce the time and money it takes for students to graduate (and
increase their chances of doing so).



Il. First principles: What does quantitativiteracy in the 2%
century look like?

Just as matf Y | (isig@ificace began to expand in the digital, globalizing economy of the early 1990s,

a2 (22 RAR G(KS O02ttSO0GADBS FyEASGE 20SNJ! YSNAOI Q&
policym { SNBE X Ff I NY¥SR o6& GKS I gSNIF3IS ! YSNAOIYyQa RAAYI
a20ASGFt O2yaSldsSyO0Sa 27 roughiytifedastdnslieOatas acadenisd a S 1j dzS vy i
f SFRSNE KI @S LlzZaKSR (2 O2RRFEYAKR:| ®RSYli yRSKAGS &K
professional, personal and civic realms of th& €&ntury. Of the many names given to describe this

collection of skillg humeracy, mathematical literacy, quantitative reasoning (to name a fguérhaps

0KS Y2alh O2¥xayaA@Safdzdi gNI Od ¢

At the heart of quantitative literacy is the ability to think and reason in numerical terms, to scrutinize

and use data to make informed judgments, and to perform calculations and analyses in a range of
applications and contexts. Ond'leRA Yy 3 a OK2f I NJ OKI N} OGSNAT S& ljdzZt yadadl
LINPOf SYa GKFG Sywfz2ea yR SyKFry0OSa 620K aidldiraaao
RSNAGSR FNRY | yR | &4l Ee&n8ig this efinitiéh Sthe Spptishathdn@tician ¢ 2 NI R @
| SYNE t2ftftF1 RSAONAOSR ljdzk yGAdGFGABS tAGSNI O& & a
SOSNERIFIe fATFTSY 2y (KS 2203 FYyR a |y AyidSttAaasSyi
both mathematically defensible ardkd SFdzf Ay BGKS NBIFf 62 NI Roé

N (D

Lynn Arthur Steen, a pioneer of the quantitative literacy movement, has taken care to note that
quantitative literacy isnd @& ¢ I G S NB R asRsé@nge yhight iniilally Suspect. In faittere are

important qualitative differmcesbetweentraditional mathematics and quantitative literacdg h y S ¢ K S
writes,

is an abstract, deductive discipline created by the Greeks, refined through the centuries, and employed in
every corner of science, technology, and engineering. The otlaepriactical, robust habit of mind
anchored in data, nourished by computers, and employed in every aspect of an alert, infornfed life.

Not only is quantitative literacy distinct from traditional mathematics; it is also just as challenging, Steen
convincingly argues, as the comparable mathematics a student might take.

S{iSSys [eéyy ! NIKdzNX® & ¢ KS MdtHeraafics an8 Nemucdatpyepiaied by tha S [ A (1 SNI C
National Council on Education and the Disciplines (2001), 5.

6 Pollak,Henry.https://www.stolaf.edu/other/extend/Numeracy/defns.htmlAdapted with permission from "Why

Numbers Count: Quantitative Literacy for Tomorrow's America," Copyright (c) College Entrance Examination

Board, 1997.

TiSSys G9@OSNEUKAY3I L bSSRSR (2 Yge2RevidyWoR@jAlo. AQ@rnbid 3Sa XL |
2004).

8{ iSSys a/l asSzé pod ! OO0O2NRAyYy3 G2 {iSSys !t SEIFY NB&adA (a
solving databased statistical reasoning problems than they do solving traditional sybrdsgd mathematical

reasoning problems.



https://www.stolaf.edu/other/extend/Numeracy/defns.html

Figurel: Comparing Traditional Math and Quantitatikgéeracy

Traditional Math Quantitative Literacy
Abstract, deductive reasoning Practical, robust habit of mind
Employedn professions such as sciences, Employed in every aspect of an alert, informed
technology, and engineering life
Rises above context Anchored in context
Objects of study are ideals Objects of study are data
Serves primarily professional purposes Isess¢g UALFE F2NJ Fff 3INIR
responsibilities

Definitions of quantitative literacy invariably accent different skills and contexts. For example, a British
I32BSNYYSYyid NBLRNI FNRBY (GKS SIFNIeé wmdopy mathem&tiagaDNA 6 SR
a1 Affaé ¢ KAptakticahidizhdnd® diBveriidiy3ife diwo decades later, the International Life
{1Aff&a {dNBSe LINBaAaSYyiGSR I Y2NB SELI yarAdS RSTFAYAGA
the world of work, describing

An aggregate of skills, knowledge, beliefs, dispositions, habits of mind, communication capabilities, and
problem solving skills that people need in order to engage effectively in quantitative situations arising in
life and work?!

In its 2006 standards dament, Beyond Crossroagthe American Mathematical Association of Fwo

CSENI /2883848 OAGSR | RSTAYAGAZ2Y SYLKI&AATAY3 ljdz y
citizenry*? Originally put forth by the Programme for International Student Assessmestdéfinition

describes quantitative literacy as

'y AYRAGARdzZf Qa OF LI OAGe (2 ARSYGATe IyR dzyRSNRAGI yF
well-founded mathematical judgments and to engage in mathematics in ways that meet the needs of that
AYRADGARdzZ £ Qa OdzNNByYy(d FyR FdzidzNB tAFE | a | O2yaidNHzi

Perhaps seeking to capture the breadth of quantitative literacy, the Mathematical Association of
' YSNAOIFI RSAONAROGSR Al | a GKS thevatical bads todniegpretlamS I dzl G S €
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American Mathenatical Association of TwgearColleges (November 2006), 10.

B3 OECD, UNESCO Institute for Statistics (20@8)yacy Skills for the World of Tomorrmowurther Results from

PISA2000 vdz2 SR Ay . Seé2yR / NRaaNRlIRazé wmnod

¥ The Mathematical Association of America Special Interest Group on Quantitative Literacy:
http://sigmaa.maa.org/ql/about.php
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Although the definitions above and many otherg, contain subtle differences, they do tend to revolve
around a discrete set of mathematical skills and more general intellectual competeRmdésssor

Steenhas distilled thesakills and competencies into a useful shortlist. The following is excerpted from
his case statement written on behalf of the Quantitative Literacy Design Team under the auspices of the
National Council on Education and the Disciplines:

Confidence with Matlematics Being comfortable with quantitative ideas and at ease in

applying quantitative methods. Individuals who are quantitatively confident routinely use

mental estimates to quantify, interpret, and check other information. Confidence is the opposite

ofa YI K | yEASGE@ET AlG YIF1S8& ydzYSNI O0e | a yI (dzNJ f

Cultural Appreciation Understanding the nature and history of mathematics, its role in
scientific inquiry and technological progress, and its importance for comprehending issues in the
public realm.

Interpreting Data Reasoning with data, reading graphs, drawing inferences, and recognizing
sources of error. This perspective differs from traditional mathematics in that data (rather than
formulas or relationships) are at the center.

Logical hinking. Analyzing evidence, reasoning carefully, understanding arguments,

guestioning assumptions, detecting fallacies, and evaluating risks. Individuals with such habits of
inquiry accept little at face value; they constantly look beneath the surfaceadding

appropriate information to get at the essence of issues.

Making DecisionsUsing mathematics to make decisions and solve problems in everyday life.
For individuals who have acquired this habit, mathematics is not something done only in
mathematicsclass but a powerful tool for living, as useful and ingrained as reading and
speaking.

Mathematics in ContextUsing mathematical tools in specific settings where the context
provides meaning. Notation, problesolving strategies, and performance standaatisiepend
on the specific context.

Number SenseHaving accurate intuition about the meaning of numbers, confidence in
estimation, and common sense in employing numbers as a measure of things.

Practical Skillsknowing how to solve quantitative problertist a person is likely to encounter
at home or at work. Individuals who possess these skills are adept at using elementary
mathematics in a wide variety of common situations.

Prerequisite KnowledgeHaving the ability to use a wide range of algebraicnggac, and
statistical tools that are required in many fields of postsecondary education.



Symbol SenseBeing comfortable using algebraic symbols and at ease in reading and
interpreting them, and exhibiting good sense about the syntax and grammar of matieal
symbolst®

In its rubric of quantitative literacy skills, the Association of American Collegesv&rsitiegAAC&U)
SOK2Sa Ylrye 2F {(iSSyQa GKSYSa odzi LI NB&a R2¢y Ada
elements of quantitative lgracy:

Interpretation. The ability to explain information presented in mathematical forms

Representation The ability to convert relevant information into various mathematical forms

Calculation The ability to execute mathematical calculations clearly antisely

Application/Analysis The ability to make judgments and draw appropriate conclusions based
on the quantitative analysis of data, while recognizing the limits of such analysis

Assumptions The ability to make and evaluate important assumptiorssiimation, modeling,
and data analysis

Communication The ability to express quantitative evidence in support of an arguiient

The attention given to quantitative literacy has continued to grow in recent years. Comparing it to the
writing-acrossthe-curriculum programs of previous decades, for example, Susan Elrod recently argued

GKFG ljdzk yGAGEF GAGS NBFaz2yAy3d GRS aSNEnSBighlightsS &l YS Ay
several developments that point in this direction. For example,

1 The Associationf American Colleges & Universitiesludedquantitative literacyasone of its
[ 9!t O[AOSNIf 9RdzZOFGA2Y F2NJ ! YSNRAOIFIQa t NRYAASO
1 The Lumina Foundation placed quantitative fluency in its Degree Qualifications Profileq(®QP)
list of the most important intellectual skills a student should develop
1 Quantitative reasoning was listed among the five core competencies the Western Association of
Schools and Colleges (WASC) identified as part of its revised institutional revesst

Examining various descriptions of quantitative literacy leads to a significant observation. Over two
decades a remarkable consensus has taken shape among scholars and academic bodies. Despite minor
variations in emphasis, descriptions of quantitatiiteracy reflect agreement, rather than dissent, on
whichmathematical competencies are necessary for th& @éntury.

Towards Quantitative Literacy in Indiana: Early Progress

Like their colleagues nationwide, academic leaders in Indiana have bethink@bout mathematics in
terms of a different set of core competencies. In 20f&8ulty andacademic leaderBom all two- and
four-year publidnstitutionsreached consensus arourdset of broaebased competencies that would

BLiSSys a¢KS /AS F2NJ) vdzl yGAGFGAGS [AGSNF Oegzé y

16 https://www.aacu.org/sites/default/files/files/VALUE/QuantitativeLiteracy.pdf

7l dzaly 9f NBRX avdzr yiAlGEGABS wSIl &2y A yPear Ravikgdol.H& Hoi3 Ww! ONER A :
(Summer 2014).

18 | bid.



be part of the StatewideNJ ya FSNJ DSYSNI f 9 RdzOl lchBigtsof a@tNaB & ¢ KA & & ¢
learning outcomesgrouped in six competency areds,be mastered over 38emester houcredits,

GKAOK GKSY GNIXyaFSNIFa | of201 I Y2 irdefduidationalT LYy RA I
intellectualskills that comprise the Transfer CaseQuantitative Reasoning, defined as the ability to:

Interpret information that has been presented in mathematical form (e.g. with functions,
equations, graphs, diagrams, tables, words, geometric figures)

Representinformation/data in mathematical form as appropriate (e.g. with functions,
equations, graphs, diagrantsples, words, geometric figures)

Demonstrateskill in carrying out mathematical (e.g. algebraic, geometric, logical, statistical)
procedures flexibly, accurately, and efficiently to solve problems

Analyze(1) mathematical arguments, determining whether stated conclusions can be inferred;
and (2) mathematical results in order to determine the reasonableness of the solution

Communicatewhich assumptions have been made in the solution process
Citethe limitations of the process where applicable
Explainclearly the representation, solution, and interpretation of the math problem

The significance of the Transfer Core is that it serves to establish a statewide consensus regarding which
skills are necessary for gntitative literacy in the 2% Centuryg a consensus that aligns with the views

of other mathematics and postsecondary leaders nationwitlis also closely aligned with AAC& A

GVALUE Rubdc dza SR (2 SOl ftedabyil S ljdz yGA Gl GA GBS ¢

Building From Competecies to Course Content

The concept of quantitative literacy does not fit into a single disciplinary pigeonhole. It contains
elements of arithmetic, statistics, logic and reasoning, data visualization, and even basic accounting and
finance. Its chief ainsito cultivate a certain mental disposition, a kind of quantitative agility that

prepares one for personal, professional, and civic obligations. Cultivating quantitative literacy, then,
requires colleges and universities to rethink traditional discipliffang, in some cases, departmental)

lines.

As a result, institutions at the forefront of this movement have found that a bitwsskd, cross

RAAOALE AYEFENE YIGKSYFGAOa O2dz2NES RSaA3aySR G2 OdAf GA
literacy is neessary. Althougblmall, often privateliberal arts colleges may have been among the

earliest adopters of this approathlarger, statesupported institutions are beginning taffer similar

courses themselves.

SeveraP ¥ LYRALI YI Q& Litabohsthéve deyeRped INEnadursé, Knowrgfitnarily as

éQuantitative Reasonigé | YR a0Aff 20KSNJ AyaildAilddziazya KIFI @S 02
elements of Quantitative Reasonirgerhaps the most notable example is lvy Tech Community College,

which developed a Quantitative Reasoning coursg now serves as the gateway mathematics course

9 G8Sys G¢KS /&S FT2NIvdd yiAdEGASS [AGSNI Oezé no
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